Background: Fungi are ubiquitous in our environment and they are one of the important causes of allergic diseases. Identification of the most common aeroallergens to which patients are sensitized in a specific area is important in the diagnosis and treatment of allergic rhinitis. Objectives: The purpose of this study was to determine the prevalence of skin reactivity to common fungal allergens and total IgE in patients with allergic rhinitis in Ahvaz city.
Background
Allergic rhinitis is one of the most common chronic conditions, affecting 10% to 30% of adults and up to 40% of children. Many epidemiological studies have revealed a progressive increase of the allergic rhinitis during recent decades (1) (2) (3) . Allergic rhinitis is characterized by nasal symptoms including sneezing, runny nose, itching and nasal congestion. Allergic rhinitis caused by a complex interaction of genetic factors and environmental influences. One of the most important environmental factors is aeroallergens, such as pollens, fungal spores, house dust mites, etc (2, 4) .
Ahvaz, the capital of Khuzestan located in the southwest of Iran, is a tropical area with an approximate population of 1.4 millions (census 2006). In our regions, the dust storms were a common phenomenon in some days in spring and summer but now it may occur almost all of the year. It is due to persistent drought, reduced rainfall, lower relative humidity environments, uncontrolled use of water resources in desert areas, loss of canebrake and war during a 28-year period including: the Iran-Iraq War (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) , the Gulf War (1990) (1991) , and the 21-year crisis in Iraq (1990 Iraq ( -2011 (5) .
The role of fungi in allergic diseases is well documented. Airborne fungal allergenic spores have been implicated as one of cause of allergic respiratory diseases in our region and neighbour countries (2, 6, 7) . Molds are ubiquitous in our environment and are common allergens in allergic diseases. Mold spores can be found in outdoor or indoor environments, but exposure can also occur by having contact with saprophytic species or by ingestion of edible mushrooms (8) (9) (10) (11) (12) .
Several species and genera have been reported to cause fungal allergy. Epidemiological, environmental, and clinical research was focused on relevant species like Alternaria, Aspergillum and Penicillium (13, 14) . Several epidemiological and diagnostic studies reported variable prevalence of allergic reactivity to fungi by means of skin testing or IgE detection (8, 15, 16) .
Objectives
Due to diverse distribution and pattern of aeroallergens in different regions, identification and determination of common allergens is essential (1, 2, 17, 18) , and lack of data on prevalence of sensitization to fungal allergens in our region, the current study was conducted to evaluate the prevalence of positive skin test to fungal allergens among allergic rhinitis patients in Ahvaz to develop better strategies for prevention, management and treatment of allergic rhinitis.
Patients and Methods
This cross-sectional study was conducted in the Immunology department of Ahvaz Jundishapur University of Medical Sciences. The study group included 295 patients with diagnosed allergic rhinitis. These patients were referred to the clinic of Khuzestan Jahad Daneshgahi Medical Center during 2010. We selected allergic rhinitis patients who had been ill for a minimum of 1 year to establish the diagnosis rhinitis such as: symptoms of chronic nasal problems, with sneezing or a runny or blocked nose in the absence of a cold or flu.
Patients with chronic sinusitis or other infective causes of chronic rhinitis and history of medication including antihistamines, steroids and other drugs considered to affect skin prick testing were excluded. Data about demographic variable of patients including sex, age, symptoms and sign of the disease, family history of allergic disease were obtained by a questionnaire. Skin prick tests with common regional fungal allergen extracts (HollisterStier, USA) were performed in all patients by an immunologist, accordance with published guidelines (19).
These allergens used in this study included extracts of fungal such as Alternaria Mix, Aspergillus fumigatus, Cephalosporium acremonium, Penicillium Mix, and Mold mix (Table) . These fungal allergens were the most common airborne fungi in many areas with similar climate within our region (20, 21) .
The skin prick test was performed on healthy skin on the volar surface of the forearm. The test sites were placed 20-30 mm apart approximately 5 cm below the elbow and 5 cm above the wrist. A drop from each extract was applied to the skin and then the skin was pricked through each drop using a sterile lancet. Histamine hydrochloride (10 mg/mL) and glycerol saline were used as positive and negative controls, respectively.
The mean wheal size was recorded after 15 minutes and SPT was regarded as positive with a wheal size of minimum 3-mm larger than the negative control. Serum samples from all patients were collected and were stored at -20 °C until tested. Total IgE was determined in all serum samples with a commercially available enzyme immunoassay kit (DIAPLUS, Canada) according to the manufacturer's instructions. Based on the kit's manual, all values higher than 100 IU/mL were considered as high total IgE.
Qualitative data are presented as frequencies (%) and quantitative data as mean and standard deviation (SD). Data were analyzed by SPSS, version 18. Group differences were studied using the chi-squared test for categorical variables or independent t-test for continuous variables. A P-value < 0.05 in the 2-tailed test was considered significant.
Results
In this study, 295 allergic rhinitis patients, 52.5% males and 47.5% females, aged 4-70 years (mean age 32 ± 14.3) were tested for skin prick test reactivity. The population included 40% employee, 22.4% students, 21.7% housekeeper, 11.9% salesman and 4.1% unemployed. The mean duration of their symptoms was 7 years with a range of 1 to 20 years. Positive personal history of atopy exists in 43.7% of patients for 5 years, in 54.3% higher than 5 years; and 64.4% of them had positive familial history of atopy.
The clinical diagnoses of patients before SPT were runny nose (85.1%), sneezing (79.3%), itchy nose (62.7%), eye redness (47.1%) and urticaria (34.6%). Of 295 patients with allergic rhinitis (AR), 275 patients (92.3%) reported that they used drugs to improve allergy symptoms. Of 295 patients, 70 subjects (23.7%) had a positive SPT to at least one fungal allergen. The overall rate of sensitization to any fungal allergen was C.acremonium (11.5%), Mold mix (9.8%), Penicillium mix (9.5%), Alternaria mix (8.1%), and A.fumigatus (5.1%) (Figure) .
Prevalence of fungal allergy in males was 23.2% and in females was 24.3%; and differences were not significant (P = 0.61). There was a significant difference between age groups with regard to sensitization to fungal allergy (P =0.047). Prevalence of fungal allergy in patients below14 years old was 17.1%, 15-35 years old was 30.4% and higher than 35 years old was 18.5%.
The mean and standard deviation (± SD) of serum total IgE level in sensitive group was 251±182 IU/mL (median, 235.5) and in non-sensitive group was 125±143 IU/mL (median, 79.0). Patients with positive SPT had significantly higher values than patients without positive SPT (P=0.001). Males had higher mean total IgE values than females (265 vs. 236 IU/mL, P = 0.51), but the difference was not significant. 
Discussion
In the current study, the results showed that 23.7% of the patients were sensitive to at least one of the studied fungal species allergens. To our knowledge, current study is the first report of sensitization to molds allergens in our region. Several studies revealed that fungal spores are present in the atmosphere worldwide (22) (23) (24) . Multiple species may be observed at any time of the year, but in desert climate like our region, with hot summers and mild winters, spore numbers may peak during fall, winter and spring then decrease with hotter temperatures, and are absent, at least outdoors, in middle of the summer.
Epidemiological studies have been performed on the sensitivity to the fungi allergens in all around the world, including Iran, which were different; depend on the ethnic and geographical conditions. In a study on the 306 patients with AR in Mashhad, Northeast of Iran, the sensitivity rate for fungi was 9.2% in total but 11.5% for Alternaria, 11.8% for Aspergillus and mold mix was 8% (2). In another study on 212 patients with AR in Shiraz Southern part of Iran, 8.3% had positive reaction to the fungi allergens. The values for different allergens were 3.7% for Alternaria and 2.2% for Aspergillus (25) .
Higher rates of sensitization to molds are found in tropical countries like Singapore and Malaysia (26, 27) . In a study on 85 patients with allergic rhinitis, in Malaysia, prevalence of allergy to Alternaria and Aspergillus were 12.9% and 12.2%, respectively (27) . Differences in the rate of positive SPT can be due to various factors such as number of allergens tested, climatic region and age of patients. With regard to optimum growing conditions, including high humidity for molds (28, 29) , Unexpectedly, this particular allergy was also found in hot and dry regions, like Saudi Arabia (6) and Kuwait (9, 30) , It might be associated with increasing the use of air conditioners inside the houses which make good environment for molds to grow and increase exposure to their allergens (26, 28) .
The most prevalent sensitizing mold in our study was C. acremonium followed by Penicillium spp.Other molds like Aspergillus and Alternaria are usually found indoors, and SPT to these allergens showed to some extent a low positive result in our study, compared to other reports (25, 31) . As far as Cephalosporium spp. is concerned, it is also considered as a major allergenic factor responsible for causing the respiratory allergy symptoms in our area, with a percentage of skin positivity in allergic patients of about 11.5%.
The spores of Cephalosporium spp. probably are the most abundant in this area. However further studies are needed to clarify this issue. Skin prick test sensitivity to Aspergillus spp. reached up to 5.1% in allergic individuals. This percentage might have been expected to be lower, in as much as Aspergillus spores are very common in domestic environment. Our results about the importance of fungal allergy can be explained by consideration of the geo-climatic parameters in our area. Studies have shown that temperature, precipitation, relative humidity and atmospheric CO2 influence fungi production and concentration in the atmosphere and consequently increase exposure to these allergens (24, 32) .
Because of the lack of aerobiological information about the atmospheric load of different fungi in our area, we cannot conclude whether the high prevalence of fungi sensitization is related to the high exposure rate or the high potency of fungal allergens. There was no significant difference in prevalence of fungal allergy between both sexes. This was also true considering sensitization to each allergen group; therefore in our study, the influence of sex was weak (P = 0.61). Therefore, we failed to find a statistically significant correlation between patient reactivity and patients' gender.
In this regard, some studies agree with us (25, 30) and others against us (33, 34) . Of 295 patients with allergic rhinitis, 190 (64.4%) patients had a family history of allergic disease. There was a significant correlation between SPT reactivity and positive family history (P < 0.005). Prevalence of positive skin prick test was higher in patients with 15-34 years old compared to younger than ≤ 15 years old and older than 35 years old (P = 0.001), but the difference between the latter two age groups was not statistically meaningful (P> 0.05), therefore in our study, the prevalence of fungal allergy increases in middle age years.
In the first age groups (≤ 15 year) Penicillium spp. were the most common fungal allergens and in latter two groups C.acremonium. In our study over 60 % of allergic rhinitis patients had elevated total serum IgE levels (> 150 IU/mL). Total serum IgE measuring and skin prick testing are the simple and available tools for evaluation of allergic patients and determination of the diseases frequency in communities. However, elevated total serum IgE levels have sometimes considered as the basis of allergy diagnosis, many clinically proven allergic patients may have normal total IgE level, or present with increased IgE levels resulted from non-allergic conditions such as parasitic infections.
In conclusion, this study showed that the prevalence of fungal allergens in Ahvaz, based on SPT, was 23.7%; and the high level of sensitization was observed with C. acremonium. Our results are compatible with similar studies carried out in other parts of the country and other countries with the similar climate. Identifying and determining the most common allergens in the region can provide the necessary recommendations to patients took an important step in controlling and preventing disease. The information obtained in the present study contributes to a better understanding of the pattern of fungal allergy occurrence in region, and may be valuable for clinicians, allergists and epidemiologists.
